The last two decades have witnessed rapid technological changes in Indian agriculture ranging from new ways of intensive cultivation, use of high yielding variety (HYV) seeds, fertilizers and pesticides, and improved water availability. In this milieu the importance of tractorization cannot be ignored. Yet debate on farm mechanization keeps recurring. While lot of research in . this field indicated that tractorization and farm mechanization have to accompany the other changes in agricultural technology, critics worry about the supposedly undesirable consequences of such change. Turnham(22) and Little (11) have estimated that the eighties may see at least 25 per cent more people requiring employment in the less developed countries as compared to the only 10 per cent in developed nations. To absorb this additional labour force, the industrial growth rate will have to be at least twice that of the sixties. The available evidence also indicate that the ratio of labour to'capital employed in the secondary industries of under developed countries is as low or almost as low as it is in the labour scarce economies (11) .
Farm mechanization is thus feared to be essentially labour saving. Myrdal (12) , Lipton (10), a nd Kao (7) have, however, questioned this assumption. They argue that a large part of the apparent underemployment in agriculture does not represent surplus of labour, but rather its inability to undertake sustained work for long periods. Consequently, farm mechanization may help in more and better utilization of labour.
Background
Technological changes in agriculture have been classed into two broad categories. 1. Land augmenting technological change; and 2. modernization of agriculture through farm mefchanization. The former are those which increase the productivity of land i.e., the use of, HYV seeds, fertilizers, irrigation, etc. These are precondiVikalpa, Vol. 7, No. 1, January-March, 1982 tions for farm mechanization and introduction of mechanical power inputs (21) .
A review of the literature suggests the following two hypotheses.
1. Land augmenting technological changes lead to an increased input of farm labour. "2. Selective mechanization can help in bringing about a more efficient use of farm labour and it does not lead to reduction in the demand for labour. Shivamaggi (18) concludes, based-on data from 7 Indian states, that on an average, farms using HYV seeds employ 40 per cent more labour than those using local varieties. Sisodia (19) draws a similar conclusion from his study of Indore district. Irrespective of the size of the farm this conclusion is valid as shbwn by Tripathy and Samal (21) from a study.of Sambalpur district of Orissa. Many studies of other less developed countries also substantiate this finding. For instance, Shah (17) observed on the basis of data collected for some regions in Philippines, that farmers who adopt land augmenting innovations use 20 per cent more labour input than others in the same region. The evidence cited above clearly indicates that the use of HYV seeds results in 20 to 50 per cent increase in the demand for labour. Moreover, the demand for hired labour shows substantial increase with the use of HYV seeds (20) . While these studies show the impact of land augmenting innovations on labour input, there are other studies which substantiate the second hypothesis, i.e., mechanization accompanied by these innovations can lead to increase in output per man as well as in labour utilization.
The possibilities of selective mechanization and the need for labour saving tech nology due to increased seasonal labour requirements, resulting from land augmenting technological changes, have been examined for Punjab by Billings and Singh (2). To quote, between 1965 and 1969, "the acreage under high yielding varieties has risen sharply in several districts, exceeding plan targets. Wheat yields specially have risen, causing farm labour to be much in demand during the rabi harvest at a time when the rural labour force as a whole seems to be on the decline. As a result, average daily farm wages have risen nearly by 200 per cent since 1964. Farmers have responded to labour shortages and costs by substituting a more capital intensive technology for critical activities."
The study forecasts that in Punjab, the proportion of wheat crop mechanically threshed would be 100 per cent by 1979 and the percentage of area under tractorization would rise from 3 per cent in 1969 to 20 per cent by 1984. On the basis of the observed monthly demand and supply of labour, the study reports that "with the conventional farm technology and the present acreage under HYV, the demand for human energy (in October) is 95 million mandays whereas only 83 million are available. By the end of the study period( 1983) with no other changes in technology, demand in October would rise to 120 million mandays while the supply would increase to only 92 million. Were the full group of technological changes operational, the demand would decline to 93 million mandays in the same month." While the claim that the wheat crop mechanically threshed would be 100 per cent may not have come true, it is obvious from the migration of seasonal labour from other states into Punjab that there is a wide demand-supply gap in labour. In regions where large scale adoption of land augmenting technological change has taken place, the absence of farm mechanization may disrupt production.
A second example relates to a study of a similar region, and supports the observations of Billings and Singh. Lawrence (9) examines the impact of mechanization in West Pakistan. The study reveals that if double cropping (cottonwheat) is to be carried out, the threshing and winnowing of wheat and the sowing of cotton has to be completed within 45 days. This is a very critical period. Lawrence estimates that if these activities were carried out with the help of mechanical equipment they could be accomplished within 25 days. Even allowing for a "down time" these could be accomplished in 30 days, well within the 45 days limit. On the other hand, with bullock and traditional implements, these operations would require 120 mandays of labour. If for a 5 acre farm the farmer and his family provide 45 mandays, there would be as field tests show, an additional requirement of 75
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Vikalpa' mandays. This would mean 5 to 6 extra workers for about two weeks. Thus, changes in farm technology like double cropping which are inevitable with the use of HYV, result in shorter critical input periods, and if these changes have occurred on a wide scale in any region, the mechanization of such activities is not only desirable but inevitable. Inukai's (5) study of rice production in Thailand also supports the hypothesis. The pattern of labour utilization in a rice producing region in Thailand shows that under the traditional methods of rice production there is a considerable shortage of farm labour during peak seasons. These conclusions are obtained from a sample survey of 53 households of rice cultivators. From 17th June to 15th July and 3rd December to 30th December, the labour shortages are 30 per cent and 15 per cent respectively. The study observed a time constraint on land preparation for rice because of the onset of the monsoon. With traditional cultivation methods, preparation of land is highly labour intensive, resulting in labour shortages. However, if this could Be done by machines instead of by animal labour, then the labour constraint would be considerably eased. The study concludes that selective mechanization cuts off the peak of labour demand and a contemporaneous change in farming methods increases demand in the troughs.
The foregoing analysis indicates the patterns in the intera-ction between technological changes and utilization of farm labour. It has , been observed that due to large scale adoption of HYV and other land augmenting changes the labour input in agriculture increases from 20 to 50 per cent. The requirements being seasonal, the criticality of some of the activities can act as a constraint on the realization of the benefits of such innovations. Thus, farm mechanization is not only desirable but is a necessary condition for bringing about a radical change in agricultural output.
However, mechanization being intrinsically labour saving, its adoption should be selective as in Japan. The choice of technology for mechanization must take into account the fact that the mechanical input has to be on a relatively smaller scale in underdeveloped countries as compared to the develope'd countries. The emphasis, therefore, should be on smaller tractors (as against combine harvestersand high HP tractors) (12) .
Focus of the study
Working on this background, this paper attempts to examine the need for the introduction of mechanical power inputs in Indian agriculture; the pattern of demand for tractors in India; and the implications of the choice of tractor, technology on product attributes and the Indian agriculture. To do this, the following have been studied:
1. Analysis of the demand for tactors in India.
2. Examination of the attributes of tractors desired by the farmers in India who have adopted land augmenting technological changes.
3. Consequences of the non-availability of desired tractors on land use.
4. Socio-cultural barriers to adoption of • this technology.
In order to analyse the various aspects of tractorization, secondary and primary data have been used. The former have been used to analyse tractor demand in India. For the analysis of purchases and tractor use behaviour of farmers, data were collected through interviews in 6 s'tates-Punjab, Haryana, Bihar, Rajasthan, Madhya Pradesh, and Uttar Pradesh.
Physical, cluturaJ, and economic disparities among the states and districts required the use of a stratified random sampling plan. Stratification of these states into district categories signifying different levels of rural market potential was done on the basis of the Thompson Rural Index. (It identifies 6 levels of rural market potential from A to F, based on 11 indicators which are relative measures of physical, economic, and human endowments.)
The sample size was determined keeping time and financial constraints, and statistical reliability in mind, and it was decided to interview 900 respondents and 317 opinion leaders. These respondents were to be contacted in 30 randomly selected districts. Of these districts two Vikalpa. Vol 7. No 1, January-March, 1982 belonged to Category A; five to B; three to C; eleven to D; and the remaining 9 to'E. In the course of the survey, 30 respondents were selected at random from each district. A set of questionnaires was designed to obtain information on demand characteristics, usage pattern, economics of tractor use, product attribute preferences, and other details from tractor owners, users, non-users, trade representatives, and opinion leaders. The basic questionnaire was pre-tested in villages around Delhi and was subsequently suitably modified on the basis of the feedback.
The sampling plan of the opinion survey was aimed at serving qualitative and quantitative answers to the following questions:
1. Who are the tractor users/owners ? 2. Why do they buy ? 3. Why do they not buy ? 4. What do they lack for in the product ? 5. How do they use it ? Responses to these and related questions were sogght at four levels: 1. The end user of the product i.e., the farmer; 2. The opinion leaders, Block Development Officers (BDOs) and District Agricultural Officers(DAOs); 3. Trade representatives such as dealers; and 4. Tractor manufacturers.
The impact of the economic as well as noneconomic variables have been examined on the buying and use behaviour of farmers Trends in demand for tractors. Pattern of demand: Survey findings Size of land holding and fragmentation It has often been argued that farm mechanization is inhibited by the small size of the holding and its fragmentation. A survey of farmers and opinion leaders in the northern states was undertaken to identify the effects of these two variables on the use or non-use of tractors (Table 2 ). There was no significant difference between the size of holdings and fragmentation of landsforthese two categories of farmers. This is in accordance with the findings of Patel (15), Ladejinsky (8), Hirschman(4)andNCAER (14) . Patel shows that since a small tractor is associated with the related low fixed costs (and, therefore, low risk), it is the least risky investment in terms of profitability. He also finds that the size of holdings would not have any appreciable impact on the use/non-use of tractor decision. The Japanese economy has often being cited as an example of farm mechanization even on small fragmented holdings (6, 12). Preferred attributes Among the factors on which a farmer's choice of a tractor depends are the power rating of the tractor and the relative importance he places on its attributes which, according to him, make up his personal concept of a good product. In forming this concept he is often dependent on his own and others' experience with tractors and implements, and on opinion leaders' recommendations. Table 3 reports ranks of preferences on the tractor's product attributes.
Here, high rank for power rating and low cost of operations indicate the farmer's consciousness of performance and economy. Next in importance'dre reliability and operational ease. These, together with after sales services and spares availability, reflect the farmer's concern for not being stranded with a tractor that does network. In other words, a farmer is very particular about minimizing the downtime of his tractor due to breakdowns, etc.
The low ranking for price, in relation to other attributes, shows that only if other (higher rated) attributes are satisfactorily met with in a brand of tractor, is the farmer concerned with the cost of his investment on the tractor. In other words, if a higher priced tractor satisfies the first four attributes and a lower priced tractor does not, the farmer would opt for the first. Finally, the last ranking for quick availability of tractor indicates that a farmer would be willing to wait
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(within limits, of course) for a tractor of his choice. Based on these findings, an "optimum" tractor would be one with the features emphasized as per Table 3 . A good tractor should be economical to operate even at the cost of raising its price marginally. Brand preferences for 20 brands/models available in the market were also .obtained through the survey. Five brands, namety Massey Ferguson, HMT/Zeton, International Ford, and Hindustan, account for more than 75 per cent of the total first preferences. Table 4 reports the ranking of attributes for each of these brands. It is evident that the tractor which matches the attributes ranked in Table 3 has been preferred most i.e., Massey Ferguson. For such a tractor the farmer is prepared to wait most and even pay a higher price.
Comparing the horse power (an important attribute of a tractor) preferences from the farmers' survey with the horse powfr-wise production-mix availability at a given point of time one comes across the situation as presented in Table 5 . As the table shows, there may be excess demand for small sized (up to 35 hp) tractors.
Range switching has been thought to be a phenomenon which sub-optimizes net gain (6). It is, therefore, in the interest of the farmer to refrain from such activity. But the farmer does so because tractors available in his rangedonot possess the attribute profile he desires (15) . Switching can thus be reduced only through an appropriate technology choice and correct product-mix. Table 6 reports the reasons for non-purchase of tractor across the 6 states in the survey. It is evident that non-availabiliy of a particular brand of tractor is a very important factor, especially in the relatively affluent states. This further supports the contention that those deciding to buy are forced to purchase a tractor which does not suit their requirements. Lack of funds is another major constraint on the purchase decision. Almost 50 per cent of tractor owners reported that they had purchased the tractor through bank borrowings. The percentage of respondents who feel that a tractor is unprofitable is not very high considering the fact that most of these respondents had not gone in for other changes in a long time. The last category of "other reasons," broadly consisted of socio-cultural reasons for non-purchase of tractors.
Labour replacement
Tractors are being used for a wide variety of power applications, some of which have been traditionally done by manpower or bullockpower. It has been emphasized earlier that mechanization (tractorization) does not result in replacement of labour. Myrdal (13) has asserted "... the underutilisation of labourforce in underdeveloped countries can be seen as the result of using primitive technology. For it is an empirically testable general rule that, with very few exceptions, technological advance would not be labour saving but on the contrary would require a higher and more efficient input of labour."
Some of the Indian studies on this subject have supported this hypothesis. Grewal and Kahlon (3) found a marginal increase in labour requirement on the tractorized large farms in Punjab. Bal (1) on the other hand found that while tractorization reduced the labour by 8 per cent, it raised the demand of casual labour by 151 per cent. Similar findings are reported by Singh (19) , Sarkar and Praladhachar (16) . While supporting this hypothesis, this survey showed the activity-wise use of tractor on a farm (Table  7) . The findings show a more balanced usage pattern at the tractor user's farm than at the owner's farm. In the case of the latter, maximum usage of the tractor as a power source lies in pre-harvest activity and transport.
A comparison between the source-wise, and use-wise power input in the three categories of farms (owner's, users, and non-user's) is reported in Table 8 .
The total bullock power per acre is much higher on non-tractorized farms as compared to the same on tractorized farms, yet manpower input on the latter is not lower than the same for the former. Thus, if tractorization leads at all to 
Conclusion
It may thus be concluded from the foregoing discussion that neither the character nor the size of the holdings is an inhibitor for the farmer to use a tractor, nor is tractor use significantly labour replacing. In fact, it should accompany other changes in agricultural technology. On the other hand, the non-use of tractor may partially be a result of non-availability of the right kind of tractor.
During the survey, it was found that a large number of farmers who had the resources and inclination to use tractors were still not using them for various social reasons. In Other words, for these farmers the social or cultural systems of society were acting as constraints though they were convinced of the economic viability of using tractors on their farms. For instance, nonuse by a class of people (say, a caste) in a village was reported as a reason by many for their nonuse. This has implications for tractor manufacturing enterprises. In devising their marketing strategies these firms should identify opinion leaders who can help neutralize the effect of the class which is averse to tractor purchase. This, in addition to producing the right kind of tractors, should go a long way in helping technological changes in Indian agriculture.
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